We conducted a retrospective study to evaluate the shortterm effect of uvulopalatopharyngoplasty (UPPP) on changes in the nasalance of five vowels: /a/, /ε/, /i/, / /, and /u/. Our study group was made up of 20 patients-15 males and 5 females, aged 16 to 57 years (mean: 37.3 ± 11.5)-who had undergone UPPP as a treatment for mild to moderate obstructive sleep apnea. Nasometry was used to obtain nasalance scores in all patients on the morning of the operation (day 1) and subsequently on day 4 or 5 (mean: 4.5 ± 0.5). Preoperatively, nasalance scores were highest for /i/ (mean: 29.8 ± 12.6) and /a/ (mean: 24.1 ± 10.3). After the operation, nasalance scores for all five studied vowels increased; they were highest for /i/ (mean: 40.7 ± +17.8) and /ε/ (mean: 30.0 ± 10.8). The increases in the nasalance of /i/, /ε/, and /u/ were statistically significant (p < 0.05). Our findings indicate that UPPP has a significant impact on nasalance immediately after surgery.
Introduction
Uvulopalatopharyngoplasty (UPPP), usually combined with tonsillectomy, is an established method of treatment for primary snoring and obstructive sleep apnea (OSA). The procedure was developed by Fujita et al 1 and modified by Moran and Orr. 2 The aim of UPPP is to increase the space and volume of the oropharyngeal cavity by reducing the amount of soft tissue at the nasopharyngeal and oropharyngeal levels, thereby reducing upper airway resistance, particularly during sleep. 1, 2 Conceivably, however, partial resection of the velum and oropharyngeal structures can result in resonance disorders.
The well-recognized complications of UPPP include velopharyngeal insufficiency and nasopharyngeal stenosis, which are associated with changes in the resonating volume of the vocal tract. Speech problems that occur after UPPP are caused by changes in selected phonatory, resonatory, and articulatory characteristics, and they are usually mild. These changes are classified as late postoperative complications. 3 Nasalance represents a measure of the relative amount of oral and nasal acoustic energy produced by a speaker, and it serves as an objective measure of perceived nasality. Nasalance is objectively quantified as a nasalance score obtained with a nasometer. A nasometer uses a sound separator to differentiate between oral and nasal acoustic energy emitted by a speaker. The separator plate rests against the upper lip, and microphones are attached to both sides of it to measure the acoustic energy (not airflow) emitted through the nasal and oral passages. The intensity of the filtered energy is then converted into a ratio (nasal/nasal + oral) which is, after multiplication by 100, expressed as a nasalance score that reflects the relative proportion of "nasal to nasal + oral" acoustic energy. It is a rule of thumb that when the nasalance score reaches 50 or 60, people may perceive nasality via auditory perception. [3] [4] [5] [6] Few studies have focused on resonance changes after UPPP. Although the results of a number of subjective studies that used auditory perception to measure nasality found that UPPP does not result in nasality changes, 3, 4, 7, 8 one subjective study did find that transient hypernasality occurred in patients during the first 10 days after UPPP and that hypernasality that persisted for more than 6 weeks after surgery was associated with wound healing and was self-limiting. 9 Objective studies of the effect of UPPP on resonance are also sparse. Of those that do exist, most did not begin to evaluate UPPP's effect on nasalance until 6 weeks postoperatively, after wound healing had taken place. Grossly, they showed that UPPP had no effect on nasalance. 3 To the best of our knowledge, no study has investigated the characteristics of nasalance soon after UPPP. In this article, we describe our study to objectively evaluate the immediate effect of UPPP on nasalance of vowels within the first week of surgery.
Patients and methods
We conducted a retrospective study of 20 patients-15 males and 5 females, aged 16 to 57 years (mean: 37.3 ± 11.5)-with mild to moderate OSA who had undergone UPPP at our center during a 2-year period (table 1). OSA had been diagnosed on the basis of polysomnographic findings, and its severity was determined by the apneahypopnea index (AHI). AHI values are categorized as none/minimal (<5), mild (5 to <15), moderate (15 to <30), and severe (≥30). Velopharyngeal function was evaluated by videoendoscopy and polysomnography before surgery. None of the patients had had a history of oral, pharyngeal, or head and neck surgery.
On the day before surgery, an otorhinolaryngologist had performed a complete ENT examination to exclude voice disorders and upper respiratory tract infection. In addition, a qualified speech-language pathologist had determined nasalance scores in all patients with a nasometer (Kay Nasometer 6200; Kay Elemetrics; Montvale, N.J.) in a quiet room on the morning of the operation. The native language of all the patients was Taiwanese.
The nasalance of five vowels was measured: /a/, /ε/, /i/, / /, and /u/. After the test and recording procedures had been explained to patients, they were asked to phonate the target vowels for at least 2 seconds. The profile was recorded on a computer and analyzed laterally.
All UPPP procedures had been performed with general anesthesia by the same surgeon. After removal of the tonsils, the redundant mucosa of the anterior border of the velum together with the free end of the uvula was excised (figure 1). The uvular muscles were spared, and great care was taken not to damage the velar muscles. The anterior and posterior pillars and the uvular tip were meticulously sewn together to create an enlargement of the cross-sectional area in the velar plane ( figure 2) .
Postoperatively, analgesic agents such as diclofenac and tranexamic acid were routinely administered, and instructions for oral hygiene were provided to all patients. The day of surgery was designated as day 1, and postoperative nasalance was assessed on day 4 or 5 (mean: 4.5 ± 0.5). After each assessment, the patient was discharged.
The paired Student t test was used to measure differ- ences between pre-and postoperative nasalance scores. All analyses were performed on a personal computer with the Statistical Package for the Social Sciences software for Windows (v. 10).
Results
After surgery, the nasalance scores of all the examined vowels were higher than the preoperative scores (table  2) . Preoperatively, the highest nasalance scores were for the high vowel /i/ (mean: 29.8 ± 12.6) and the vowel /a/ (mean: 24.1 ± 10.3). Postoperatively, the highest nasalance scores were for /i/ (mean: 40.7 ± 17.8) and /ε/ (mean: 30.0 ± 10.8).
Postoperatively, nasalance scores for /i/ and /ε/ increased in 17 patients each, those for /a/ increased in 16 patients, scores for /u/ increased in 14 patients, and scores for / / increased in 13 patients. Nasalance scores for vowels /i/, /ε/ and /u/ after surgery differed significantly from those obtained prior to UPPP (table 2) .
Pain on the day of the postoperative test was subjectively graded as mild in all patients.
Discussion
Several studies have investigated the impact of UPPP on speech, but most of them focused on voice characteristics such as F0 or articulatory function. Although some authors [10] [11] [12] [13] have reported no correlation between UPPP and voice changes or articulation disorders, others 7, 9, 14 have reported a correlation between UPPP and changes in the resonating volume of the vocal tract.
Van Lierde et al studied the impact of UPPP on resonance by measuring nasalance scores 1 week before UPPP and 3 weeks afterward in 26 men and found that the degree of nasalance decreased for the vowels /i/ and /a/; only the decrease for /i/ was statistically significant. 3 In a study of 15 patients by Greene et al, no isolated vowel was tested, but all patients were required to read the "Zoo Passage, " which contains no nasal consonants. 4 The results indicated a decrease in nasalance after UPPP, although there was no significant difference among the preoperative and 1-and 6-month postoperative scores.
To the best of our knowledge, our study is the first to objectively evaluate the immediate postoperative effects of UPPP on resonance. We found marked changes in all five of the tested vowels, especially for /i/,/ε/, and /u/. The differences between our findings and those reported by others may be attributable to the fact that we evaluated postoperative nasalance less than 1 week after surgery, whereas all other studies involved postoperative changes in nasalance at least 1 month after surgery, after the surgical wound would have likely healed.
The mechanism underlying resonance during phonation is complicated. We believe that the increases in nasalance after UPPP in our study might have been caused by impaired velopharyngeal function, a wound that had not yet healed, and/or dysphagia secondary to postoperative pain. At the time of postoperative testing, compensation mechanisms-such as lateral pharyngeal movement, elevation of the velum, and swelling of the operated tissue-were not sufficient to overcome the impaired velopharyngeal defect. These conditions might have affected the resonance of all five tested vowels in most patients. 3, 15 Our findings indicate that UPPP has a short-term impact on the nasalance of all the main vowels. With progressive wound healing, the impact decreases and most of the resonance function returns to normal. Therefore, if a patient is 
